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With existing information WAAS officially began September 2000 with 2 to 5 Inmarsat-3 GEOS. 
A second C/A will be added to some GPS Sats (BLK IIR/F) at 1176.45 MHz (below GPS L2 of 
1227.6 MHz) for direct Ionospheric Correction Solution in the year 2005(?). EGNOS officially 
begins in the year 2002. EGNOS uses two Inmarsat-3s and one Artemis GEOS (controlled by 
EU + ESA). There are 44 stations in Europe, Africa, and Venezuela. MSAS is expected to 
begin in the year 2003 (controlled by Japan). There are six stations in Japan, Australia, and 
Hawaii. Interoperability between WAAS, EGNOS, and MSAS is expected in the years 2002 to 
2003. 

A more accurate UTC 
Timing Signal 
(*loo ns Gps VS- 4 5  ns for 
WAASEGNOSIMSAS) 

A more robust timing signal 
in noisy environments 

An alternate UTC Timing 
Signal to GPS L1-CIA 
(A WAASIEGNOSIMSAS 
“only” mode) 

HOW TIME AND FREQUENCY CAN BE EXTRACTED FOR 
THE TELECOM TERMINALS 

- Due to the D-GPS corrections 
- If SA is ON, it is removed from CIA 
- Added Ranging Signals with the WAAWEGNOMSAS 

Geo-Stationary Satellites 

- Contrary to GPS, WAASEGNOSIMSAS Geo-stationary lnmarsats 

- This can reduce ambient noise, multi-path, intentional and 

- A 2 ft. DBS can achieve upwards of 16 dB of added noise 

allow the use of a fixed DBS dish aimed at the satellite 

unintentional jamming 

rejection (Pat Fenton - NovAtel) 

- WAASEGNOSIMSAS Systems generate their own L1-CIA GPS 

- Uplink Station Clocks are referenced to UTC via Ground-Link to 

- If position is known through GPS or other surveying means, a 

“look-alike” signals 

USNO 

single WAAWEGNOMSAS lnmarsat Satellite signal can 
maintain Network Sync, independent of GPS Ll-C/A 

So What’s New for Timing/Sync? The WAAS/EGNOS/MSAS capability is designed for 
largehigh-end airborne GPS receivers for civil aviation navigation ($5K to lOK?). There 
are no thoughts given to other users. Making the typical low cost <$loo), small telecom GPS 
timing receiver capable of receiving and processing WAAS will be new. Some of the advantages 
are a more accurate timing signal, greater robustness in noisy environments using low-cost 
commercial DBS dish antennas, and an alternate timing signal in case of GPS CIA loss. Refer 
to Figure 11 for more details. 

ADDED FUNCTIONALITY AND NOISE REJECTION CAPA- 
BILITIES USING THESE SIGNALS FOR TELECOM TIMING 
APPLICATIONS 

There are some additional benefits using the WAAS signal for telecom. First, it provides two to 
three more range signals from the geosync Inmarsats, which improves the timing accuracy by at 
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CONCLUSION 

The WAAS, EGNOS, and MSAS system is a significant step forward in expanding the use 
of the military GPS system to a reliable, certified, civil navigation system. It brings a very 
robust 3a military capability to a 6a and beyond civil system. In the process, the telecorn 
synchronization community is an unintentional beneficiary when the low cost time receivers 
are made WAAS-capable. But more than the improved accuracy in timing for this community 
is the proposed CIA backup, a fallout certainly not contemplated by the very capable WAAS 
systems designers-we thank you. 

ACRONYMS 
WAAS 
EGNOS 
MSAS 
GPS 
CIA 

SPS 
PPS 
SA 
DGPS 
Inmarsat 
WRS 
wus 
GUS 
USNO 
RAIM 
DBS 

p w  

Wide Area Augmentation System (USA) 
European Geostationary Navigation Overlay System 
Multifunctional Transport Satellite Space-Based Augmentation System (Japan) 
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Direct Broadcast Satellite 
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Questions and Answers 

THOMAS CLARK (NASA Goddard Space Flight Center): Well, I’ll play devil’s advocate and 
ask another unpopular question, Hugo. There’s one jamming scenario you didn’t cover, and 
that is the fact that the Inmarsat satellites are functioning as a bent-pipe repeater with a 6.4 
gigahertz uplink standard C-band satellite uplink. We have had the experience with C-band 
uplinks when Captain Midnight jammed the TV and was able to somehow generate a signal 
on the right frequency and jam things. 

It would seem to me that probably the greatest vulnerability that this type of WAAS system 
faces comes at two different levels. One is that you generate enough uplink signals that spoof 
the WAAS signal, giving you invalid corrections, but still legal WAAS readings. The data 
become invalid. 

The second is that you crank up the power even a bit more. In which case the bent-pipe 
transponder that is sitting there in geostationary orbit now has enough signal to actually capture 
many of the GPS downlinks. This is because of the limited dynamic range that you end up 
with in this type of spread-spectrum situation. So to me, it looks like the most vulnerable part 
of this, not by U.S. Government jamming, which was the scenario that you talked about, but 
malicious jamming, whether from a terrorist or a hacker, lies with 6.4 gigahertz uplink. 

HUGO FRUEHAUF: Okay, very good points. Remember, though, that Johns Hopkins did a 
very detailed study on the susceptibility of the WAAS system as a whole to both smart and 
dumb jammers, and apparently the risk is acceptable. But, of course, your scenario certainly 
can play out. 

CLARK Yes, the Johns Hopkins study was basically a “trust me” type of study of the Inmarsat 
satellites; it was virtually impossible for someone on the ground to generate those powers. But 
that’s where I find fault in this, that I could easily generate a signal that is stronger than the 
normal Inmarsat uplink that’s carrying these things, in which case I can grab the link. 

WILLIAM KLEPCZYNSKI (Innovative Solutions International): That’s true, Tom. But there 
are some things within the architecture of the system which try to prevent that. There are two 
uplink stations to each of the geos, one on the East Coast, one on the West Coast. So there 
would have to be a simultaneous coordinated effort to simultaneously jam both uplink signals 
on the East and West Coast. In addition, the EGNOS signal is also being received in the US, 
too, as a supplement. They also have, within Europe, two uplink stations to the AOR East. 
They would have to simultaneously do that. 

So yes, there are possibilities of doing that, but it might be a little difficult. The other aspect of 
it is that right now the Inmarsat satellites are being used, but that architecture won’t necessarily 
be there in the future. The only thing that probably will stay the same is that the downlink 
frequency will be L1. However, the architecture might change. The uplinks and the satellites 
being used will probably also change in the future. At some point in time, the system will 
evolve and change. 

But yes, for now, for the test, there is that possibility, but I think it’s very small. It would have 
to really be a coordinated effort to do that. 
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